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INTRODUCTION 
Small fruit growers and farmers usually have an 
abundance of apple thinnings and cull apples suitable for 
pectin extraction. At present, these are considered waste 
products and are not fully utilized by these independent 
producers. A simple method which may be used on the farm 
or in the home to produce a clear apple pectin extract is 
desirable. It is the purpose of this paper to study the 
factors influencing the extraction, clarification, and stor- 
extract. 
age of liquid apple pectin../ As the "proof of the pectin 
is in its jelly", the effect of these factors on jellying 
property of the pectin are also considered. 
Naturally, a study of this nature intended for limited 
local production is of interest to the commercial manu¬ 
facturer only in its theoretical aspects. 
Voluminous literature is recorded on the extraction 
extract 
of liquid apple pectin/but there is very little material 
on clarification and preservation. 
REVIEW OF LITERATURE 
For the purpose of this problem only the literature 
pertaining to the composition, extraction, jelly strength, 
clarification, and preservation of pectin was considered. 
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Composition and Existence of pectin in Fruits 
Pectin was discovered in 1825 by Braconnot who ex¬ 
tracted it from carrots. He was the first to make an 
artificial jelly. The jelling power of fruit Juices is 
dependent primarily on the pectic substances present in 
the tissues of these fruits. Pectins are known to be 
concentrated in the middle lamellae of the cells of 
plants and fruits, Morris (1933)* The chief source of pectin 
is in apples. It is estimated that from 54-0,000 tons of* 
apples pressed each year in the United States, approximately 
5,4-00 tons of pectin are produced, United States Department 
of Agriculture (1923). California Fruit Growers 
extract from 900 to 1,350 tons of citrus pectin from 
oranges and lemons annually. 
Disagreement concerning the existence of protopectin 
in the tissues of fruits is evident on surveying the 
literature. Tutin (1923) suggested that no substance as 
protopectin exists, but there is a persistent retention 
of an insoluble form of pectin in the tissue of immature 
fruits. Carie (1925) on the other hand, has refuted 
Tutin's (1923) views on the nonexistence of protopectin. 
Her contention is that there is an insoluble pectic 
constituent referred to as pectose in apple tissue which 
is converted by hydrolysis into pectin. Other workers are 
of the same opinion as Cairie(1925) • Henderson (1928) 
concluded that the hydrolysis of protopectin yields pectin. 
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This hydrolysis of protopectin may he obtained by (1) the 
action of pectase upon pectose and (2) boiling the mother 
substance with dilute acids. Cruess and Pitman (1929) 
demonstrated that the action of Penicillium glaucum on 
the protopectin brings about hydrolysis. If this hydrolysis 
is continued, the jellying power of the pectin is destroyed. 
Pectins are carbohydrates of high molecular weight. 
According to Bodansky (1934) pectins on hydrolysis yield 
galacturonic acid, the sugars, arabinose and galactose, 
together with vari(S?s)/Jne:!&i^f groups. Prolonged pectin 
hydrolysis will diminish and eventually eliminate the 
methyl groups leaving ester free pectic acid. There seems 
to be a number oipectihlc acids depending on the extent and 
type of hydrolysis employed. 
Bowman and McKenney (1930) contended that arabinose is 
an intermediate product in the formation of furfural from 
galacturonic acid. Since these investigators obtained 
furfural from both the pectin and galacturonic acid tested, 
they suggest that galacturonic acid might be the nucleus 
of the pectin molecule. 
Work done by Hooker (1925) showed eleven carboxyl 
groups in titration curves of pectic acid. However, the 
evidence presented shows that saponification of their 
carboxyl groups was not complete, Indicating that there 
are more than eleven of these groups in pectic acid. On 
the basis of twelve carboxyl groups the molecular weight 
of pectic acid would be 2124. The nucleus proposed for 
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pectic acid is a dibasic acid, galacturonic-galactonic 
acid. At least six of thdse nucelSI are linked together 
to form pectic acid. 
There are three common methods of estimating pectin: 
(1) alcoholic precipitation of pectin, (2)Ca ion precipita¬ 
tion and (3) titration with hydrochloric acid. All methods 
are reliable for determination of pure pectin, but 
Paine (1922) has noted that pectin contains other pectinous 
compounds that do not possess jellying power, yet are 
capable of entering into the reactions. 
Factors Influencing Extraction 
The first American patent for the manufacture of 
pectin was issued in 1921 to Jeffries. Numerous patents 
for different methods of extractions have been obtained since 
this date. 
obtained from 
The percentage of pectin / fruit depends upon the 
following, factors: (1) the amount of hydrolysis of proto¬ 
pectin or pectinogen, the mother substance or precursor 
of pectin; (2) the ripeness of the fruit; (3) the amount 
and kind of acid and (4) the temperature at which this 
hydrolysis takes place. According to Garre (1925) there 
* 
is no pectin in the immature apple. The protopectin present 
gradually hydroly^se as ripening proceeds until the fully 
ripe fruit attains a maximum amount of pectin. 
There are many methods for extracting pectin from fruits 
and pomace. Also there are several factors which affect 
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the yi&ld of pectin. Mehlitz (1926) stated that in boiling 
apple pectin in a sugar solution of 16 to 19.4 per cent 
the pectin content is destroyed, mostly in the first few 
hours• 
Mehlitz (1925) found that the extraction•of pectin 
from dried apple juice is carried out most satisfactorily 
with hot 0.02 normal tartaric acid solution. With greater 
acid concentration than 0.02 normal the yield of pectin 
was decreased. 
Myers and Baker (1929) found that an extracting medium 
of a hydrogen-ion concentration higher than pH 2.4 resulted 
in a sharp decline in the jellying power of the pectin. 
Hardy (1924) stated that the total quantity of pectinogen 
extract varies directly with the hydrogen-ion concentration 
provided the extraction is carried out at temperatures below 
212°F. It also varies directly with the temperature, pro¬ 
vided the final reaction of the extract is greater than 
pH. 2. Alkaline extracts do not contain any pectinogen. 
The viscosity of the extracts depends largely on the condi¬ 
tions of extraction rather than on the amount of pectinogen 
present. 
According to Tutin (1921) the action of cold dilute 
alkali and pectase on pectin are essentially identical. In 
both cases a salt of pectic acid is formed and methyl 
alcohol and acetone are eliminated. 
Nanji ( 1927) received a United States patent for 
removing pectous substance by treatment with a dilute 
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solution of salts such as ammonium tartate which are capable 
of rendering soluble almost all of the pectin present. 
Crawford (1924) received a United States patent for 
removing pectinous substances by treatment with hot lactic 
acid after sugars had been removed with hot water. 
In order to obtain as much of the jellifying pectin as 
possible in the extracted fruit juice, the acid content of 
the solution and the cooking period is of importance. 
Fellers (1928) in determining the optimum conditions for 
pectin extraction found that a fruit to water ratio of 
3:2 for sliced apples and 3:3 for chopped apples with two 
fifteen-minute extractions at 212°F. gave the best results. 
Tartaric acid added to the extraction water in concentrations 
of 0.2 to 0.4 per cent, slightly increased the jelly yield. 
Myer and Baker (1926) found that as the extraction 
temperature increased the pectin yield also increased but 
as the extraction temperature became higher the Jelly grade 
became lower. 
Jelly Strength 
Tarr (1923) varied the amount of acid and he con¬ 
cluded that increasing the acid increased the jelly strength 
until an Optimum had been reached, after which further 
addition of acid caused a decrease in the jelly strength. 
It was also noticed that the kind of acid used had a different 
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effect even though the pH was the same. In the order of 
efficiency the acids used were tartaric, malic, and citric. 
Many experiments have been carried out to determine the 
optimum jelly conditions of pectin jellies by measuring the 
jelly strength. Different workers employed different 
technics, but the results were well correlated. 
Luers and Lochmuller (1927) measured the jelly strength 
by the resistance of the jelly to tearing. Under standard 
conditions a jelly was prepared and cast about a tearing 
tool in a special apparatus so arranged that on application 
of a known force the jelly strength was measured. 
t 
Lochmuller(1927) found that the jelly strength increased 
in proportion to the pectin concentration. The pH influenced 
the jelly strength markedly, the strongest jellies y/ere 
obtained at a pH 2.95 to 3*05* Toward the acid side the 
jelly strength decreased slowly, but toward the alkaline side 
very rapidly. Beyond a pH of 3.45 no jellies formed. With 
constant pectin concentration and increasing sugar concen¬ 
trations the jelly strength increased. The higher the pectin 
concentration the less sugar was needed. The jelly strength 
decreased on boiling the solution because of hydrolysis. 
Fellers and Griffiths (1928) testing fruit jellies 
with a Bloom gelometer, which measures pressure resistance, 
found that weak jellies set more slowly than firm ones, 
the greater part of the change occurring during the first 
24 hours. 
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Baker (1926) investigated Jelly strength by forcing 
a syringe plunger into the jelly. The pressure developed 
on the plunger by the displacement of air by water in a 
bottle was recorded on a manometer# He found that con¬ 
centration of pectin in presence of acids before adding 
sugar was detrimental to jelly strength, while boiling after 
the addition of sugar had a negligible effect. Thus an 
increase in invert sugar had no harmful effect upon jelly 
strength. 
Fellers and Clague (1932) discovered a very simple 
jelly-strength tester which operates on a principle similar 
to that of other pressure testers used in determining maturity 
of apples. The plunger exerts pressure until the jelly sur¬ 
face is broken and the resistance is measured in grams. 
Clarification 
When pectin is extracted, it contains much starch and 
protein which must be removed in order to produce clear jellies. 
Oshima and Church (1923) claimed that clarification could be 
ideally accomplished by the use of the Aspergillus flavas- 
oryzae group of molds.. Magoon and Caldwell (1922) found a 
method of removing matter suspended in pectinous extracts by 
precipitation with the addition of commercial alum, ammonia 
water, or heat treatment. 
The fruit juice may be clarified by filtering through 
cloth, centrifuging and refiltering with a filter aid such 
as diatomaceous earth. 
Bender (1929) treated apple pectin extracts with solid 
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casein, separated the clear liquor from the sediment, treated 
it with a diastatic enzyme, then with activated carbon, and 
finally filtered it. Crawford (1924) used a proteolytic 
enzyme to convert the proteins to the soluble proteoses and 
peptones. 
Baker and Kneeland (1935) found that diastatic enzymatic 
action on pectinous juices had a detrimental effect on 
viscosity and jelly grade. They stated that commercial Clarase 
was contaminated with a pectin splitting enzyme pectase. 
Hydrolysis was least at a pH value of 3.3, Hence, it is 
desirable that diastase preparations intended for clarifying 
pectin by hydrolysis of the starch should be used at high 
acidities. 
Pistor (1935) t>y filtering pectinous juices with tannin 
obtained clarification; the tannin combines with the starch 
in solution and is added in a proportion of twice that of the 
starch. 
Storage of Extracts 
There is but little literature on the effect of storage 
on pectin extracts. Murray1s unpublished data (R. V. Murray, 
Master's Thesis, Mass. State College, 1936) showed that the 
viscosity of unclarified pectin extracts decreased during 
two months' storage. The average loss in both concentrated 
and unconcert rated extracts was approximately five per cent 
when kept at room temperature and three per cent when stored 
at 40°f. 
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EXPERIMENTAL 
Raw Material Survey 
All apples used were Arkansas of very poor grade, such 
as those that would be used for jelly making by the home 
maker. Once removed from the cold storage, they were used 
as quickly as possible. 
Pomace 
The pomace used was made from Arkansas apples of the 
same grade as the above. The drying was accomplished by 
spreading the wet pomace, immediately after grinding the 
apples, in thin layers on screens, which were then placed in 
a tunnel dryer. A current of air at a temperature of 
120°F. passed continuously over the pomace and drying was 
completed in 48 to 65 hours. 
The pomace was then allowed to soak in water for 20 
minutes to remove the sugar and other soluble solids. The 
liquid was then expressed by means of a small hand press, 
and stored at room temperature. 
Extraction of Pectinous Juices From 
Slices and Ground Apples 
Five pounds of apples were used for each extraction. 
These apples were cut in a rotary fruit cutting machine 
adjusted to give ^-inch slices and some apples were ground 
in a food chopper. Pectin was extracted according to the 
method of Fellers (1928) with the exception that the water 
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to fruit ratio was kept constant for sliced and ground 
apples* A fruit to water ratio of 3:2 was used with two 
15 minute extraction periods at 212°F. The acidity of the 
extracting medium was adjusted by the addition of tartartic 
acid to a pH of 3.1, 2.9, and 2.3 for three lots of ground 
apples; and to a pH of 3*2, 2.82, and 2.45 for three lots of 
sliced apples. 
After each extraction the apples were pressed with a 
hand press to obtain a constant volume of liquid extract 
from each five pound lot of apples. The extracted liquid 
was concentrated in an open kettxe to a standard weight of 
three pounds, four ounces. This concentrated juice was then 
bottled in eight-ounce jars and processed at 170°F. for 
con. 
20 minutes. A sample of the /centrated extract was immedi¬ 
ately tested for relative viscosity and a jelly was made. 
Samples of the remainder were stored at 40°F. and 80°F. 
These were examined at the end of one and four months. 
Measurement of the Sugar Strength 
of the Extractions 
At present there is no method which differentiates 
jellifying pectin from other pectinous substances. In 
these experiments no analysis was made by chemical methods 
for pectin. Instead, the method of Myers and Baker (1927) 
was employed to find the jelly strength of the pectinous 
juices. These investigators defined the jelly strength of 
a pectinous extract as being its sugar supporting capacity, 
s 
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oxpressed in units of sugar jelled by one unit weight of 
juice to give a jelly of a definite strength* They found 
that jelly strength of a pectinous juice was a function of 
its viscosity* The yield of jelly depended upon the amount 
of added sugar* But the amount of sugar added was limited 
by the relative viscosity of the pectin solution. Therefore, 
the jelly yield depended on the relative viscosity. An 
empirical formula for converting the relative viscosity of 
a pectin extract into terms of its jelly yield was formulated 
by Baker (1934-): it is. 
log y = .833 x .195 
where y = 
and x " 
In terms of x, 
therefore x = 
the relative viscosity 
the unit weights of sugar jelled 
by one unit weight of juice 
log y - .195 
7833" 
The relative viscosity of the extract was determined 
by the use of the jelmeter originally devised by Baker 
(1934). It consists of a capillary tube sealed to a small 
glass cylinder. The relative viscosity as determined by 
the jelmeter is a ratio of the time necessary for the un¬ 
known solution to pass between calibrated marks on the 
”jelmeter” and the time for an equal volume of water at 
the same temperature to pass through the instrument* Times 
of flow rere measured by a stop-watch. 
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Calculation of Theoretical Jelly Yield 
Sugar strength is defined as the units by weight 
of sugar which can be held by a unit weight of pectin 
under proper conditions of acidity. By use of Baker*s 
(1934) formula the sugar strength could be computed from 
the relative viscosity. By this computation the amount 
of sugar to be added was determined. However, the concen¬ 
trated juice itself contained some soluble solids which 
were mostly sugars. Therefore, it was necessary to ascer¬ 
tain the amount of sugar in the juice; this was done by 
means of the Abbe refractometer. By subtracting the 
amount of sugar in the juice from the theoretically re¬ 
quired amount of sugar, the actual quantity to be added 
was determined. 
In this experiment the jelly yield was always based 
on the use of eight ounces of extract. The finished weight 
of the jelly was determined by multiplying the total weight 
of sugar by 1.5 to given an approximate sugar concentra¬ 
tion of 66 per cent. 
Example of calculation for determining theoretical 
jelly yield: 
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Relative viscosity =7.69 
log. 7.69 = .8859 
Baker’s formula: Sugar strength = log rel. viscosity — *195 
Substituting: .833 
sugar strength = .8859 - .195 
.633 
= .8294 s ounces of sugar per ounce of 
juice. 
using 8 ounces of juice 
8 x .8294 = 6.63 = ounces sugar to be added if 
the extract contained no sugar. 
refractometer reading 16.5 per cent. 
.165 x 8 ■ I.32 * ounces of sugar naturally 
present in the extract. 
6.63 - 1.32 s 501 = ounces of sugar to be added 
to 8 ounces of juice 
total sugar 501 ~ 1-32 
6.63 x 1.5 
6.63 ounces 
9*94 ounces * Theoretical 
yield 
Method of Concentration 
From the relative viscosity, the sugar strength, 
amount of sugar for eight ounces of extract, and the 
theoretical yield were calculated. The extract and sugar 
were weighed and concentrated to the theoretical yield. 
Plate I shows the apparatus used in concentrating the ex¬ 
tract and sugar to the desired weight. A pan support was 
constructed so that it could fit on a Toledo balance. 
Heat was applied by means of a gas burner placed directly 
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under the pan. The pan and stand holding the pan were tared. 
With this apparatus a solution could be concentrated to any- 
desired weight without being removed from the source of heat. 
Method of Testing Jellies 
The prepared jelly was poured while hot into two- 
ounce glass Jars and paraffined to prevent surface mold 
growth. The jelly was not tested until the following day 
because Fellers and Griffiths (1928) found that although 
weak jellies set more slowly than firm ones, the jelly 
was completely set in the first twenty-four hours. In order 
to test their jelly strength the Jellies were removed from 
the two-ounce Jars and examined by the procedure outlined 
by Fellers and Clague (1932.) In this method use was made 
of a plunger which when pressed against the jelly gave a 
reading of resistance measured in grams. The jell strength 
recorded was the average of three separate determinations. 
Effect of Acidity on Extraction 
Apples were prepared by the same procedure as pre¬ 
viously described. Aliquot portions were used for each ex¬ 
traction and concentrated to the same weight. The extracting 
medium (water) was adjusted to different pH levels by the 
addition of tartaric acid; the effect of different hydrogen- 
in concentrations on the jelly yield were studied. The 
pH was determined by a quinhydone electrode. • Results 
Plate I. Automatic Heating and Weighing 
Apparatus for Jelly Concentrations 
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obtained show that with a decreasing pH there is an Increase 
in the yield of pectin, as Illustrated in Table 1, This 
increased pectin yield as determined by higher relative 
viscosity is proportional to the decrease in pH. Myer and 
Baker (1929) and other workers have found that a decreased 
pH resulted in an increased pectin yield. Below a pH of 2.4 
these investigators found sharp decrease in pectin yield, 
due probably to the hydrolysis of the pectin. 
Effect of Exposing Ground and Sliced Apple 
Before Extraction 
Apples were ground or sliced and exposed to the air from 
one to six hours before extraction. Both the ground and the 
sliced fruits were exposed for the same length of time and 
subjected to the same extraction procedure. Table 2 showing 
the effect of exposure of ground apples before extraction, 
indicates that there was a decrease in the sugar strength 
and jelly yield. Table 3 shows that exposure of sliced 
apples before extraction also had a detrimental effect, but 
not as marked as in the ground apples. The loss in jelly 
yield is in direct relation to the time of standing. 
Figure I illustrates the jelly yield loss of sliced apples 
in relation to the loss in jelly yield of ground apples. 
The jelly yield of ground apple extract decreased much faster 
and to a greater degree than did the sliced apple extract. 
It is possible that this loss may be due to the enzyme. 
Table 1, Effect of Acidity on the Pectin 
Yield of Ground and Sliced Apple8 
PH 
Relative 
viscosity 
Sugar* 
strength 
Jelly 
strength 
Jelly 
yield 
ounces grains ounces 
Ground apples 3.3 11.7 1.1608 73 13.8 
N (1 3.9 7.4 .8108 69 9.6 
II ft 3.1 6.5 .7441 70 7.6 
Sliced apples 3.45 8.23 .8646 72 10.3 
n n 2.82 7.94 .8460 79 10 
n it 3.2 6.84 .7684 75 9.31 
* Sugar strength is expressed as parte by weight of sugar 
jelled by one unit weight of juice. 
Table 2. Effect of Exposure of 
Ground Apples on Jelly Yield 
Exposure 
time 
Relative 
viscosity 
Sugar* 
strength 
Jelly 
strength 
Sugar 
strength 
Jelly yield 
lost per 8 oz. 
juice 
hours ounces grams percent ounces 
0 7.60 .8230 74 — 9.87 
1 6.92 .7944 70 5.90 9.28 
2 5.15 .6204 65 24.61 7.44 
3 5.11 .6163 67 25. 11 7.39 
4 4.6 .5626 60 31.64 6.75 
5 4.38 .5360 52 34.87 6.42 
6 
Su era T» 
4.2 .5190 48 
r\ o no 
36.93 
wo 4 rrV\ 4* 
6.22 
nirnr -r. 4 ~ 1 *Sugar strength is expressed as parts by eight of sugar jelled 
by one unit weight of juice. 
Table 3. Effect of Exposure of Sliced 
Apples on the Jelly Yield 
Exposure 
time 
Relative 
viscosity 
Sugar* 
strength 
Jelly 
strength 
Sugar 
strength 
lost 
Jelly yield 
per 8 oz. 
juice 
hours ounces gram 8 percent ounces 
0 7.69 .8294 73 ———— 9.94 
1 7.33 .7972 75 3.88 9.55 
2 7.22 .7965 70 3.96 9.55 
3 6.84 .7684 71 7.35 9.21 
4 6.68 .7560 60 8.84 9.06 
5 6.38 .7416 63 10.58 8.89 
6 6.39 .7328 52 11.64 8.79 
* Sugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice. 
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pectinase, which is present in the cells of the apples. 
This enzyme acts upon pectin changing it to pectic acid. 
The jelly yield of ground apples decreased much faster and 
to a greater degree than that of the sliced apples. This 
is explained by the fact that in ground apples more 
pectinase is liberated as more of the fruit cells are ruptured 
in grinding. The increased surface due to grinding provides 
a greater area for activity of the enzyme. Although exposure 
for six hours had an adverse effect on the jelly yield, it 
had no effect on the flavor or taste of the final product. 
Effect of Storage Temperature 
on Extracts 
The extracts were prepared from sliced apples. They 
were extracted immediately after slicing and concentrated 
to different levels.' In Table 4 are shown the effects of 
storage on these extracts for two months at different tempera¬ 
tures. The temperatures were 76°F. and 40°F. The results 
obtained showed that storage at a higher temperature affected 
the sugar strength, jelly yield, and jelly strength of the 
extract more than it did at a lower temperature. The average 
loss in sugar strength of extracts stored at 76°F. for two 
months was 6.53 per cent, while the average loss in those 
stored at refrigerator temperature, 40°F., was 2.79 per cent. 
The initial relative viscosity or the concentration of 
the pectin in the extract did not affect the decrease in 
sugar strength. The difference in the losses at the two 
extremes of storage temperature was only o.20 per cent 
Table 4. Effect of Temperature of Storage on Extracts 
Storage Sample 
Relative 
viscosity 
Sugar* 
strength 
Jelly 
strength 
Jelly 
yield 
Sugar 
strength 
loss 
No, ounces grams ounces percent 
Control; 
no storage 1 9.8 .9558 70 11.4 
2 6.98 .7797 74 9.15 
3 6.92 .7744 70 9.15 
4 6.38 .7416 69 8.85 
5 5.6 .677 68 7.95 
6 5.38 .6432 72 7.65 
7 5.0 .6050 74 7.2 
8 4.84 .5879 75 6.9 
9 4.61 .5626 65 6.6 
Storage at 
76° F., 2 
months 1 8.69 .8931 52 10.65 6.55 
2 6.26 .7222 59 8.55 7.37 
3 6.15 .7129 61 8.4 6.65 
4 5.53 .6575 54 7.8 11.34 
5 5.37 .6422 64 7.65 5.14 
6 5.07 .6122 65 7.2 4.82 
7 4.67 .5693 58 6.6 5.91 
8 4.60 .5626 63 6.6 4.30 
9 4.3 .5264 53 6.15 6.75 
Storage at 
400 F., 2 
months 1 8.9 .9057 65 10.8 5.24 
2 6.54 .7450 70 8.85 4.45 
3 6.61 .7517 64 9.0 2.93 
4 6.0 .7001 64 8.4 5.59 
5 5.61 .6776 68 7.9 0.00 
6 5.15 .6204 69 7.35 3.54 
7 4.92 .5966 70 7.05 1.38 
8 4.73 .5761 63 6.75 2.00 
9 4.61 .5626 67 6.6 0.00 
* £ugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice. 
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which may be considered negligible for all practical pur¬ 
poses# 
Effect of Storage on Extracts 
Extracts were prepared as previously described and 
stored for one-month and for four-month periods of time. 
These were then tested with the Jelmeter for viscosity to 
determine the amount of deterioration. Tables 5 and 6 show 
the results obtained from sliced and ground apple extracts 
which were stored at room temperature (760^.} for one and 
four months. These results show that there is a slight 
decrease in relative viscosity on storage for one month. 
This decrease in relative viscosity is more marked at the 
end of the four-month storage period. The loss in relative 
viscosity decreased as the time of exposure before extrac¬ 
tion increased in both the sliced and the ground apple 
extracts. 
Effect of pH on Storage 
The pH of the extracting medium was adjusted to 
different levels by the addition of tartaric acid. The 
extraction and concentration was carried out as before. 
. . • .. \ 
The only difference was in the addition of tartaric 
acid. Table 7 shows the effect of pH on the storage of 
extracts prepared from ground and sliced apples. As 
the pH decreased, the deterioration on storage increased. 
Table 5. Effect of Storage on Extracts from 
Sliced Apples Exposed for One to Six Hours 
Loss in 
Time of Relative Sugar* Jelly Jelly relative 
Storage Sample exposure viscosity strength strength yield viscosity 
No. hours ounces grams ounces 
Control; 
no storage 1 0 7.69 .8294 73 9.94 
2 1 7.23 .7972 75 9.55 
3 2 7.22 .7965 70 9.55 
4 3 6.84 .7684 71 9.21 
5 4 6.68 .7560 60 9.06 
6 5 6.38 .7416 63 8.89 
7 6 6.39 .7328 52 8.79 
Storage; 
1 month 1 0 7.38 .8080 68 9.6 .31 
2 1 7.23 .7972 75 9.55 .00 
3 2 7.20 .7950 72 9.45 .02 
4 3 6.84 .7684 70 9.00 .00 
5 4 6*66 .7545 64 9.00 .02 
6 5 6.34 .7288 70 8.55 .04 
7 6 6.31 .7262 49 8.55 .08 
Storage; 
5 months 1 0 6.00 .7001 40 8.4 1.6 
2 1 6.44 .7364 52 8.7 .79 
3 2 6.93 .7744 65 9.15 .30 
4 3 6.84 .7684 72 9.00 .00 
5 4 6.66 .7545 63 9.00 .02 
6 5 6.13 .7113 67 8.4 .25 
7 6 6.15 .7126 51 8.4 .24 
* Sugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice. 
Table 6. Effect of Storage on Extracts from 
Ground Apples Exposed for One to Six Hours 
Storage Sample 
Time of 
exposure 
Relative 
viscosity 
Sugar* 
strength 
Jelly Jelly 
strength yield 
Loss in 
relative 
viscosity 
No. hours ounces grams ounces 
Control 
no storage 1 0 7.60 .8230 74 9.87 
3 1 6.93 .7744 70 9.28 
3 3 5.15 .6204 65 7.44 
4 3 5.11 .6163 67 7.39 
5 4 4.61 .5626 60 6.75 
6 5 4.38 .5360 52 6.42 
7 6 4.34 .5190 48 6.33 
Storage; 
1 month 1 0 7.23 .7972 65 9.45 .37 
3 1 6.53 .7441 66 8.85 .39 
3 3 5.00 .6050 60 7.2 .15 
_ 4 3 4.84 .5879 63 6.9 .27 
5 4 4.61 .5626 60 6.6 .00 
6 5 4.30 .5264 49 6.15 .08 
7 6 4.33 .5177 48 6.00 .01 
Storage; 
5 months 1 0 6.39 .7338 40 8.7 1.31 
3 1 6.15 .7126 42 8.4 .77 
3 3 4.93 .5966 55 7.05 .23 
4 3 4.73 .5761 59 6.75 .38 
5 4 4.59 .5603 60 6.6 .03 
6 5 4.23 .5177 43 6.0 .15 
7 6 4.16 .5091 43 6.0 .08 
•Sugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice. 
Table 7, Effect of Hydrogen Ion Concentration 
on Deterioration of Pectin in Storage 
Storage Preparation PH 
Rela¬ 
tive 
viscos¬ 
ity 
Sugar* 
strength 
Jelly Jelly 
strength yield 
Sugar 
strength 
l08S 
ounces grams ounces percent 
Control; ground apple 3.3 11.7 1.1608 73 13.8 
no storage H n 3.9 7.4 .8108 69 9.6 
H M 3.1 6.53 .7441 70 7.6 
sliced apple 3.45 8.33 .8646 73 10.3 
ft ii 3.83 7.94 .8460 79 10.0 
ii it 3.3 6.84 .7684 75 9.21 
Storage; 
5 months ground apple 3.3 10.0 .9664 69 11.4 16.74 
ii ii 3.9 6.93 .7744 68 9.15 4.48 
»i H 3.1 6.2 .7171 65 8.4 3.63 
sliced apple 3.45 7.3 .8022 70 9.6 7.21 
ii ii 2.83 7.53 .8184 69 9.6 3.36 
it H 3.3 6.61 .7517 74 9.0 2.17 
* Sugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice* 
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This Is explained by the fact that the hydrolysis of pectin 
Is Increased In an acid solution. 
Effect of Storage on Extracts Treated 
with Glarase 
Extracts were prepared from sliced apples. The pectin 
was extracted immediately after the fruit was sliced and 
concentrated to three different levels. The extracts were 
then treated with 0.1 per cent Clarase. Clarification was 
considered complete when a negative test for starch was 
obtained with iodine as an indicator. The extract was then 
processed to inactivate any enzymes in the solution. Table 
8 shows the effect of storage on these clarified extracts. 
Very little deterioration resulted from a storage of one 
month. After five months* storage, there was a sugar 
strength loss of 6.7 per cent. The initial relative 
viscosity or the concentration of pectin in the extract had 
little or no effect on this loss. Table 9 shows the effect 
of storage on untreated extracts. The breakdown of the 
stored pectin extracts was greater in the case of the un¬ 
treated solutions than in those clarified with Clarase. 
Clarification 
Enzyme treatment 
Extracts from apples and pomace contain in colloidal 
supension a large amount of very finely divided material, 
which is not removed when filtered through four layers of 
Table 8. Effect of Different Storage Periods on Concentrations 
of Several Extracts Treated with Clarase 
Sugar 
Relative Sugar* Jelly strength 
Storage Sample viscosity strength strength loss 
No. ounces grams percent 
Control; 
no storage 1 14.3 1.1553 73 
2 8.9 .9057 70 
3 7.3 .8022 75 
Storage; 
1 month 1 14.2 1.1492 73 .52 
2 8.9 .9051 71 .00 
3 7.3 .8032 74 .00 
Storage; 
5 months 1 13.9 1.1380 1.59 6.9 
2 8.6 .8877 1.98 6.6 
3 7.0 .7803 2.73 6.8 
* Sugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice. 
Table 9. Effect of Different Storage Periods on 
Concentrations of Several Untreated Extracts 
Storage Sample 
Relative 
viscosity 
Sugar* 
strength 
Jelly 
strength 
Sugar 
strength 
loss 
No. ounces grams percent 
Control; no storage 1 14.9 1.1743 75 
2 9.4 .9340 69 
3 7.3 .8028 71 
Storage; 1 month 1 14.0 1.1417 70 2.77 
2 8.9 .9057 71 3.03 
3 6.9 .7728 65 3.66 
Storage; 5 months 1 12.6 1.0869 68 7.44 
2 8.2 .8629 68 7.51 
of 4 c 
3 6.6 
o cj q o nor- 
.7497 
f o Vnr urnt 
65 
tVi + r* •f on < 
6.54 
by one unit weight of juice. 
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cheese cloth. This finely divided material, mostly starch 
and some proteins,-which gives a heavy turbidity or cloudi¬ 
ness to the extract. This cloudiness is more apparent in 
the finished jelly, making it a very unattractive product. 
Since this cloudiness is due largely to colloidal starch, 
the extract was treated with Clarase, a diastatic enzyme 
which changes starch into the soluble sugar, maltose. The 
extract ?/as treated with 0.1 per cent of the Clarase and 
left to stand at a temperature of approximately 130°F. until 
the iodine test for starch was negative. A slight brownish 
tinge was used as the end point. The enzyme was then in¬ 
activated by processing for 20 minutes at 170°F. Table 10 
shows that the Clarase had a slight detrimental effect on 
the pectin. Baker (1926) suggested that this is due to the 
contamination of the Clarase or diastatic enzyme with a 
pectin splitting enzyme. The greatest loss was only 3*03 
per cent which is slight when the benefits of the Clarase 
treatment are considered for either immediate use or for 
storage of the extracts. 
Clarification due to exposure 
Sliced and ground apples were exposed to the air 
from one to six hours. Both the ground and sliced fruits 
were exposed for the same length of time and subjected to 
the same extraction procedure. After storage of two 
months, a marked degree of clarification was observed in 
those extracts from apples which had been exposed for 
three hours or longer. Plate 2 illustrates a gradation 
Table 10. Effect of Olarase on Extracts 
from Sliced Apples and Apple Pomace 
Treatment Preparartion . Sample 
Relative 
viscosity 
Sugar* 
strength 
Jelly 
strength 
Sugar 
strength 
loss 
No. ounces grams percent 
Untreated sliced apples 1 14.9 1.1743 75 
H n h 2 9.4 .9340 69 
H H II 3 7.3 .8022 71 
II apple pomace 4 7.4 .8108 73 
II ii ii 5 6.34 .7288 65 
N » It 6 5.9 .6912 72 
Olarase 0.1$ sliced anples 1 14.3 1.1553 73 1.78 
m it it it 2 8.9 .9057 70 3.03 
ii ii it ti 3 7.3 .8022 75 .00 
ii it apple pomace 4 7.23 .7972 68 1.67 
ii ii if ii 5 6.1 .7109 69 3.45 
ii ii it ii 6 5.7 .6823 70 1.14 
* Sugar strength is expressed as parts by weight of sugar jelled 
by one unit weight of juice. 
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in the clarity of extracts prepared from ground apples 
which were exposed to air from zero to six hours. It can 
be seen that there was only a slight increase in clarifi¬ 
cation on exposure longer than three hours. In sliced 
apples maximum clarification was obtained only after expo¬ 
sure for six hours. However, the maximum degree of clari¬ 
fication for the sliced apple extract was not as high as 
the maximum for the ground apple extract. It is thought 
that this natural or spontaneous clarification is accom¬ 
plished by enzymatic action. The anzymes may be proteolytic, 
starch splitting, pectin splitting or a combination of all 
three. These mnzymes exist in the cells of the fruit. 
Ground apple extracts clarify much faster than sliced apple 
extracts due to the fact that in ground apples the cells 
are broken down liberating more enzymes and allowing a 
greater surface for their action. 
Storage temperature and clarification 
There is usually only a slight degree of clarity on 
storage of extracts due to sedimentation. Apple extracts 
stored at 40°f. not only become clear due to sedimentation 
but in addition the color pigments settled out after five 
months* storage. Plate 3 illustrates extracts from the 
same lot of apples, but stored at different temperatures. 
The colorless extracts were stored at 40°F. while the other 
extracts were stored at 76°f. One explanation may be due 
to the fact that lower temperatures in some cases favor the 
Plate II. Jars of Apple Pectin Extracts Showing Clarification 
Resulting from Air Exposure, Reading from Left 
to Right Exposure for Zero to Six Hours 
Plate III* Jars of Apple Pectin Extracts Showing Clarification 
and Decolor!zation Resulting from Five Months Storage at 40°F* 
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flocculation of colloidal suspensions. Plate 4 illustrates 
the jelly made from the extracts stored at 40°F. and at 
76°F« This removal of color pigment is most desirable 
in making such light-colored jellies as pineapple and peach. 
APPLICATION AND DISCUSSION 
The extraction, clarification, and preservation of 
apple pectin extracts by the methods found most advantageous 
in the work done on this problem is a fairly simple pro¬ 
cedure and one which requires no great technical skill or 
training to follow. 
To obtain a maximum pectin extraction tartaric acid 
or some similar acid should be added to the extracting 
medium. This can be obtained in a powdered form at a 
reasonable price. In the home the more available lemon 
juice may be used instead of commercial acids. Three 
table spoons of tartaric acid for five pounds of apples is 
a safe amount to add, for too much will have a detrimental 
effect on the pectin yield. A fruit to water ratio of 3:2 
should be used with two fifteen minute extractions at 
212°F. 
To obtain a clarified extract, the enzyme Clarase may 
be added. But for the home maker who desires to prepare 
relatively small amounts of pectin, this is neither practical 
nor economical. A more satisfactory method which is simple 
and also economical is as follows: the apples are ground 
in a food chopper and exposed to the air for three hours. 
Plate IV, Jars of Apple Jelly Showing Effect of Storage 
Temperature on Extracts, Storage 5 Months left, 76° F.; 
Storage 5 Months right, 40° F. 
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A1though this results in some decrease in the pectin yield, 
the clarification of the extract more than makes up for 
this loss. The resulting clarification is just as good 
and in many cases much better than clarification obtained 
by enzymatic treatment. It is difficult for the home 
maker to determine the amount of enzyme to add and Just 
when to stop the reaction. In the exposure method the 
apples can be ground and allowed to stand while the home 
maker goes about doing other work. Storage at low tempera¬ 
tures is very effective in the clarification of liquid 
pectin extracts. 
Preservation of liquid pectin extracts is of small 
importance because there is but little deterioration on 
storage. At low temperatures there is very little loss 
on storage while at room temperatures the average loss in 
five months is five per cent. 
There are many ways in which pectin extracts and 
concentrates can be utilized to advantage in the home. 
Probably their most general use is in jam and jelly mding. 
Pectinous concentrates can also be used to increase the 
jelly yield of an extracted juice and reduce the cost of 
the product; the more pectin present the larger the amount 
of sugar that will be Jelled, and, therefore, the greater 
the yield. 
The amount of pectin necessary to add to any juice 
to be used for jellies can be most easily determined by 
viscosity measurements of the juice made with Baker's (1934) 
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jelmeter. The jelmeter is cheap and easy to use. A chart 
is usually included with each jelmeter which shows the 
amounts of sugar necessary to add and the final yield of 
jelly to expect from each unit weight of juice. By using 
the jelmeter or some similar instrument a pectin concentrate, 
regardless of its viscosity, can be added to any juice until 
the viscosity of the juice reaches the desired level. 
Jelly, however, is only one of the many products in 
which pectin can be profitably used. In the home manufacture 
of candies, pectin may be used in making jelly centers and 
bases for dipped or coated pieces. When properly made 
such candies keep fresh without becoming sticky, are tender, 
of good body, and of excellent quality. Pectin is also 
used in some baked food products. It acts as a stablizer 
increasing the water capacity thus giving the baked product 
a better body and texture. 
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GENERAL SUMMARY 
1• The literature relative to the extraction, clarification, 
and storage deterioration was discussed together with a 
short review of the properties. 
2. Methods of procedure together with a discussion on the 
calculation of the theoretical jelly yield and relative 
viscosity we2© presented. 
3. The effects of varying the hydrogen-ion concentration of 
the extracting medium showed marked differences on the 
pectin yield, sugar strength, and jelly strength of 
liquid apple pectin extracts. Increasing the hydrogen- 
ion concentration increased the pectin yield and sugar 
supporting capacity of the extract. Tarr (1923) found 
that the limit of this increase was reached at a pH of 
2.4. 
4. Exposure to air before extraction was detrimental to the 
sugar strength of liquid apple pectin extract in relation 
to the time of exposure and the amount of surface ex¬ 
posed. In sliced apples the loss in sugar strength 
after six hours exposure was 11.64 per cent, while the 
loss for ground apple was 36.93 per cent. 
5« Higher storage temperature caused a greater loss in 
pectin quality or sugar strength of a liquid pectin 
extract than did lov/er temperatures. The average loss 
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of sugar strength for five months* storage at 76°F. 
was 6.5 per cent, while at 40°F. for five months the 
sugar strength loss was 2.6 per cent. 
6m Different concentration of pectin extracts suffered 
the same percentage loss on storage. 
7» Clarified pectin extracts had little or no loss in sugar 
strength during the first month of storage, while the 
unclarified decreased most during the first month. 
After five months’ storage clarified pectin extracts 
suffered as much loss as unclarified extracts. 
8. Varying the hydrogen-ion concentration of the extract 
showed marked differences in the sugar strength loss 
on storage. The greater the hydrogen-ion concentration 
the greater the loss in sugar strength. 
9* Clarase was found satisfactory as a clarifying agent 
but is not recommended for home makers. 
10. Loss in initial pectin quality by the addition of 
Clarase was observed. 
11. Spontaneous clarification increased with the time of 
exposure and amount of surface exposed before extrac¬ 
tion. A three-hour exposure for ground apples gave 
satisfactory clarification. 
12. Complete clarification and decolonization resulted 
from storage at 4o°f. for five months. 
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